Effects of inhaled fine dust on lung tissue
changes and antibody response induced
by spores of opportunistic fungi in goats

Charles W. Purdy, DVM, PhD; Robert C. Layton, PhD; David C. Straus, PhD; J. R. Ayers, DVM, PhD

Objective—To investigate the effects of sterile fine dust aerosol inhalation on antibody
responses and lung tissue changes induced by Mucor ramosissimus or Trichoderma viride
spores following intratracheal inoculation in goats.

Animals—36 weanling Boer-Spanish goats.

Procedures—6 goats were allocated to each of 2 M ramosissimus-inoculated groups, 2
T viride~inoculated groups, and 2 control (tent or pen) groups. One of each pair of spore-
treated groups and the tent control group were exposed 7 times to sterilized fine feedyard
dust {mean + SD particle diameter, < 772 + 0.69 um) for 4 hours in a specially constructed
tent. Goats in the 4 fungal treatment groups were inoculated intratracheally 5 times with a
fungal spore preparation (30 mL), whereas tent control goats were intratracheally inoculated
with physiologic saline (0.9% NaCl} solution (30 mL). Pen control goats were not inoculated
or exposed to dust. Goats received an IV challenge with equine RBCs to assess antibody
responses to foreign antigens. Postmortem examinations were performed at study comple-
tion (day 68) to evaluate lung tissue lesions.

Results—5 of 7 deaths occurred between days 18 and 45 and were attributed to fine dust
exposures prior to fungal treatments. Fine dust inhalation induced similar lung lesions and
precipitating antibodies among spore-treated goats. Following spore inoculations, dust-ex-
posed goats had significantly more spores per gram of consolidated lung tissue than did
their nonexposed counterparts.

Conclusions and Clinical Relevance—Fine dust inhalation appeared to decrease the
ability of goats to successfully clear fungal spores from the lungs following intratracheal
inoculation. (Am J Vet Res 2008;69:501-511)

erosol particulates and their relation to human

health'-* and perhaps health of other animals* are
of interest to the Environmental Protection Agency.
Regulations are in place for aerosol particles < 10 um
in diameter,? and recently, particle sizes of < 2.5 pm in
diameter?* have been deemed particularly toxic to hu-
mans on the basis of epidemiologic evidence.>”

In a previous study”® by our group, Mucor ramosissi-
mus and Trichoderma virvide administered via the trachea
were found to be virulent in nonimmunocompromiscd
goats that had been exposed to aerosolized sterilized
coarse feedyard dust. On the hasis of this finding, it was
hypothesized that inhalation of aerosolized fine dust
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prior to fungal exposure would increase the virulence *
of M ramosissimus and T viride and enhance their patho-
genic processes in goats, compared with findings in
fungus-treated goats that were not previously exposed
to dust. There is controversy over why the smaller par-
ticles are more toxic. The proposed theories regarding
toxicity focus on the size of the particles” and their
chemical composition.'® The most obvious difference is
that smaller particles are respirable (£ 5 um in diam-
cter) and can reach the alveoli of the lungs, whereas
larger panrticles are nonrespirable (10 um in diameter)
and probably do not pass beyond the nasal passages or
sinuses. However, both aerosolized particle sizes are ca-
pable of inducing an inflammatory responsc'' when the
dust originates from manure and contacts the mucous
membranes of a host."*""* The inflammatory response is
induced by endotoxin," a lipopolysaccharide that orig-
inates from the outer cell membrane of gram-negative
bacteria, which are plentilul in manure.'

Among humans, the reported number of fungal in-
fections and associated mortality rates are increasing.
Each year, the proportion of immunoincompetent peo-
ple within the population appears to increase, largely as
a result of the spread of HIV infections and administra-
tions of modern immunosuppressive drugs for trans-
planation of organs'’ and the treatments of other dis-
eases."™ However, although rare, the lrequeney of Tungal
infections in apparently immunocompetent humans is
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also increasing." ** Immunocompetent mice have been
used to grade the relative virulence ol Candida spp on
the hasis of numbers of deaths and kidney infections
lollowing inoculation with the ycasts.” The purpose of
the study reported here was 1o investigate the effects of
sterile fine dust aerosol inhalation on antibody respons-
es and lung tissue changes induced by M ramosissimus
and T viride spores ollowing intratracheal inoculation
in goats.

Materials and Methods

Animals—Thirty-six Boer-Spanish crossbred wean-
ling goats ol both sexes (18 females and 18 males) were
used in the study. Males were castrated prior Lo pur-
chase. Goats were housed in a 3-sided barn in 6 pens
(6 goats |3 females and 3 males]/pen); the area of each
pen was 17.7 m?. Goats were administered medications
to climinate internal parasites® and coccidia.® Goats
were limit-led a commercial pelleted ration (44% grain
concentrate, 20% allalfa hay, 30% cotionseed hulls and
mcal, 3% molasses, vitamins A and E, and trace miner-
als); water was available ad libitum. The experimental
protocol was approved by a regional animal care and
use committee.

Experimental design—Goats were allowed 1o ac-
climate to their environment for 7 weeks. Each pen ol 6
goats was randomly assigned as 1 of 4 treatment groups
or 1 ol 2 control groups. Two treatment groups received
intratrachcal inoculations with M ramosissimus, and
2 reccived intratracheal inoculations with T viride; in
each pair ol spore-treated groups, 1 group was exposcd
to dust and the other was not. Goats in a tent control
group were used to evaluate the effect of confinement
in a tent filled with acrosolized fine dust for 4 hours
lollowed by intratracheal administration of 30 mL of
physiologic saline (0.9% NaCl) solution. Goats in a pen
control group were not exposed to dust or administered
lfungal or saline solution inoculations. All goats received
IV injections of equine RBCs after the fourth dust expo-
sure and immediately after their third fungal inocula-
tion. The equine RBC injections were given to evalu-
ate the ability of the study goats to generate antibodies
against forcign antigens; this was done to determine
that the goals were not immunosuppressed alter dust
and fungal treatments. Group (and pen) assignments
were as [ollows: group 1, tent control group; group 2,
M ramosissimus inoculation and dust exposure; group
3, T viride inoculation and dust exposure; group 4,
M ramosissimus inoculation and no dust exposure;
group 5, T viride inoculation and no dust exposure; and
group 0, pen control group. Samples were collected im-
mediately belore dust and [ungal exposure (designated
as day 0 samples): alter the first dust and fungal expo-
sure, study days were numbered consecutively.

Preparation of cquine RBCs for IV injection ol
goats—Blood was collected [rom a horse via jugular ve-
nipuncture into a 500-mt. bottle containing 75 mi of
acid citrate dextrose solution. The plasma was removed
by usc ol a sterile pipetie following precipitation of the
cquine RBCs from the plasma. The equine RBCs were
then washed in Alsever solution.! The equine RBC sus-
pension was centrifuged at 430 X g for 30 minutes, and
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the process was repeated until the cells were washed 3
times in Alsever solution. The equine RBCs were stored
in Alsever solution in the dark at 4°C. Prior (o admin-
istration to the goats, the cquine RBCs were washed 3
times with physiologic saline solution to remove the
Alsever solution. The equine RBCs were counted in a
hemacytometer, and 8.33 X 10" RBCs in a 4-mL volume
were administered IV to cach goat. Goats reccived only
1 injection of equine RBCs, which was administered
alter the fourth dust exposure and alter the third intra-
tracheal fungal inoculation.

Serum antibody assays—OIf the 36 study goats, 12
received multiple intratracheal inoculations with T viri-
de, and 12 received similar inoculations with M ramo-
sissimus. All goats were injected 1V with equine RBCs
on day 40 of the experiment. A goat serum agglutina-
tion antibody assay was developed against Trichoderma
spore antigen.” We were not successful in developing
an agglutination assay against Mucor spore antigen. No
agglutinating antibody was detected microscopically
when postinoculation serum was mixed with a drop of
spores on a microscope slide that was warmed to 37°C.
Trichoderma spores (agglutinating antigen) were har-
vested from 25 Petri plates (100 X 15 mm) contain-
ing malt extract agar. Each culture was incubated at
27°C for 8 days and then [looded with 10 mL of sterile
physiologic saline solution. The fluid in the culture was
mixed by swirling, and the spores were poured into a
flask and allowed to settle for 20 minutes. The result-
ing spore suspensions (excluding the layer of settled
spores) werc uscd as the source of antigen for the assay.
The spores were counted in a hetnacytometer, and a
concentration of 2.09 X 10" spores/mL was determined.
For each goat, a 2-fold serum dilution series (1:2 1o
1:2,048) was made [rom serum collected on days,0, 7,
18, 32, 46, and 58 ol the experiment. The serum dilu-
tions (0.2 mL) were placed in a 24-well (flat bottom)
plastic plate* and 1 drop of spores [rom a Pasteur pi-
pette" was added to cach dilution well. The contents
of the wells werc mixed by rotating the plates by hand.
Control wells contained [etal calf serum' or physiologic
saline solution with 1 drop of antigen. The assay was
incubated at 37°C for 30 minutes and assessed by use
of an inverted microscope.!

A simple tube* agglutination assay was conduct-
ed’’ 1o evaluate antibody responsc 1o equine RBCs. A
2-fold dilution series of goat serum (1:2 to 1:2,048)
was made for days 40, 46, 61, and 67 following equine
RBC inoculation ol goats on day 40. One drop of equine
RBC hemagglutinin antigen (4% equine RBCs {optical
density,! 0.2% wvransmitted light a1 456 nm| diluted in
physiologic saline solution) from a Pasteur pipette was
placed in each dilution tube. Control tubes contained
fetal calf serum or physiologic saline solution with 1
drop ol equine RBCs. The hemagglutinin-antibody
complexes werc assessed visually.

Antigens used in the immunodiffusion assays were
a pool of sonicated hyphae and sporcs [rom cach fungus
(M ramosissimus and T viride). Precipitating antibod-
ics were determined by use ol the Quchterlony double
numunodilfusion assay? involving Petri plates (100 X
15 mm) that were cach hlled with 30 mL of melied aga-
rosc™ (1 /99 mb. of water). After the agarose solidified,
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the wells were cut. The cut wells were aspirated, and
1 drop of melted agarose from a Pasteur pipette was
placed in the hottom of each well to seal it. The agarose
cutter” had 6 outer wells (internal diameter, 6 mm) and
a center well (internal diameter, 9 mm), the wells were
8 mum apart. Goat sera were placed in the outer wells,
and the sonicated” clarified fungal antigen was placed in
the center well. Immunoprecipitin complex lines were
evaluated with the aid of a microscope lamp” at 24, 48,
and 72 hours after the inoculation of the Ouchterlony
plates. Goat sera samples collected on days 0 and 52
were assayed by the method of Quchterlony. Control
wells contained fetal call sera or PBS solution! with
antigen.

The Trichoderma and Mucor preparations used as
precipitating antigens were each grown on 15 Petri plates
containing malt extract agar. Cultures were incubated at
27°C for 8 days until the plates were covered with hyphae
and spores. Each culture plate was washed with 10 mL
of PBS solution and scraped with a sterile cotton-tipped
applicator'; the contents of the 15 plates for each fungal
agent were pooled separately. Each pool was centrifuged
at 430 X g for 15 minutes to concentrate the fungal mass.
Twenty-five milliliters of the fungal mass fromn each genus
was sonicated at 400 W for 4 minutes with a 4-mm-di-
ameter probe. The sonicated fungal mass (optical densi-
ty, 0.2% transmitted light at 456 nm) was centrifuged at
2,000 X g for 30 minutes to clarify the antigen, and the
supernatant was used as the precipitating antigen.

Antifungal 1gG antibody ELISA—Diflering con-
centrations of spores/mL (10° M ramosissimus spores/
mL and 10> T viride spores/mL) in carbonate buffer so-
lution’ (pH, 9.0) were incubated overnight (approx 14
hours) in polystyrene immunoassay modules* at 4°C.
The microtiter plates” were then washed 5 times with
300 pL of PBS solution with 0.05% Tween-20.* The
plates were blocked with 300 pL of blocking buffer
for 1 hour at room temperature {approx 24°C) and
then washed. The sera were assessed in 1:2 serial dilu-
tions (1:50 to 1:3,200) with intact spores; to establish
a background value, each sample was incubated with-
out intact spores (1:50 dilution). These dilutions were
incubated for 1 hour at room temperature, after which
they were washed. Fifty microliters of horseradish per-
oxidase—conjugated rabbit anti-goat 1gG* (secondary
antibody, 1:10,000) and 50 mL of blocking buffer were
added to each well, incubated lor 1 hour at room tem-
perature, and then washed. One hundred microliters of
chromogenic substrate® was added to cach well and al-
lowed to incubate at room temperature for 10 minutes;
the reaction was then stopped with 2N sulfuric acid.
A plate reader" with wavelength of 450 nm was used 10
analyze the plaics. Results for dilutions were considered
positive il the mecan absorbance was 2 SDs greater than
the background value for each sample. Two treatment
groups (groups 2 and 3) were examined for antifungal 1gG
antibodies. Goat sera collected prior to dust and fungal in-
oculations were used as control samples in the assay.

Administration of aerosolized dust to goats—The
feedyard dust preparation has been previously charac-
lerized and described.” Coarse dust was submitted 0
a company* that was capable ol grinding leedyard dust

into fine particles; particles were sized viadry dispersion.
Four 1-g samples were each passed through an instru-
ment™ to determine the mean particle size distribution.
The dust was autoclaved™ for 15 minutes at 121°Cand a
pressure of 6.9 kPa to kill the microbes (bacteria, fungj,
and their spores) that are typically present in feedyard
dust." Prior to autoclaving, the dust contained 21.28 pg
of endotoxin/g of dust, and alter sterilization it con-
tained 10.78 pg of endotoxin/g of dust. Microbial cul-
tures of autoclaved dust yielded no viable colonies of
bacteria or [ungi.

Briefly, the dust was administered to goats con-
fined in a semi-air-tight tent." The drop rate was 35 g of
dust evenly distributed during each 15-minute period
by continuously feeding the dust directly into the fun-
nel that led to a jet mill.* Dust was disseminated over
a period of 4 hours, and goats were exposed to 600 g
of aerosolized fine dust inside the tent. The aerosol-
ization process was previously described in detail.'??
Goats underwent 7 dust exposures (on days -7, 0, 17,
31, 45, 58, and 67). The first dust exposure was given
to evaluate the endotoxin response; then approximately
every other week, a dust exposure was performed and
followed by fungal spore inoculation. The seventh dust
exposure was given 24 hours prior to necropsy on day
68. The 4-hour dust exposure also preceded each saline
solution inoculation of the tent control goats.

As in previous experiments,*'*"> dust samples were
collected in the tent to determine the amount of dust
that settled [rom the air. A 5-stage cyclone device™ at-
tached to a vacuum pump" (suction rate, 28.4 L/min)
was used to collect fine dust particles (5.2 to 0.32 pm
in diameter) during cach 4-hour exposure.

Preparation of fungal spores—Each fungus (M ra-
mosissimus and T viride) was grown on 60 malt extract
agar** plates (100 X 15 mm) at 28°C for a period (5 to
14 days) that was sufficient to allow massive sporula-
tion. Preparation ol spores has been described in detail ®
Brielly, spores were separated from hyphae by use of a
sieve and were counted in a hemacytometer. Spore sus-
pensions were titrated in triplicate on malt extract agar
Petri plates. Spore preparations for each fungus were
mixed and divided equally into twelve 30-mL syringes.

Intratracheal inoculation of fungal spores—Con-
tents of the syringes containing [(ungal spores were
mixed thoroughly immediately prior to intratracheal
inoculation. Goats in the 4 spore treatment groups (2
M ramosissimus—inoculated and 2 T viride-inoculated
groups) and the tent control group were anesthetized.
Each goat was administered atropine sullate" (0.04 mg/
kg, IM) lollowed by an 1V injection of a combination of
butorphanol™ (0.5 mg/kg) and ketamine hydrochlo-
ride™ (4.4 mg/kg). As the goats’ lung function decreased
because of pathologic changes during the study, the
doses of butorphanol and ketamine administered were
decreased by 25%. A speculuim™ with a light source was
inserted into the oral pharynx of the goat, and the epi-
glottis was viewed. A 1-mL pipette™ equipped with a
tip consisting ol a hollow rubber tube was inserted past
the epiglottis into the proximal portion ol 1he trachea.
A syringe containing the spore solution was attached
to the pipette, and 30 mL of the spore preparation was
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inoculated into the wrachea. Each spore type was inocu-
lated every other week (on days 0, 17, 31, 45, and 58)
until 5 treatments had been administered. Goats in the
tent control group were each similarly anesthetized and
inoculated via the trachea with 30 mL of physiologic
saline solution.

Collection of data and blood samples—The first
dust treatment was specifically used to evaluate the
endotoxin reaction following dust application. Rectal
temperatures® were measured immediately before the
dust exposure (0 hours) and at 4, 8, 12, 24, 48, and 72
hours after completion of the 4-hour dust exposure; at
the same time points, a blood sample (10 mL) was col-
lected in a tube containing anticoagulant (EDTA)™ for
total WBC counts.™ Thereafter, following each dust ex-
posure and fungal inoculation, rectal temperature was
measured at 4 hours and then daily for 3 days. White
blood cell counts were assessed 48 hours following
cach fungal inoculation (ie, on days 19, 33, 47, and 60)
and on day 67. Serum samples were collected for anti-
body titer determinations on days 0, 7, 18, 32, 46, and
58. During the study period, average daily gains among
goats in each group were assessed for comparison.

Necropsies—At the completion of the study (day
68), all goats were euthanatized 12 hours after the sev-
enth dust treatment via IV administration of an over-
dose ol a barbiturale solution." All gross necropsies
were performed by a veterinarian under the supervision
of a veterinary pathologist (JRA). Histologic examina-
tions of the tissues were performed by the pathologist,
who was not aware of the group status ol each goat.

During necropsy of cach goat, sterile cotton-tipped
applicators were used to collect mucus and tissue {luid
(0.1 mL) from the thoracic cavity, proximal and distal
portions of the trachea, a bronchus, and lungs. Mucus
and tissue fluid were expressed by rotating the swab
onto the surface of a malt extract agar plate and werc
[urther dispersed on the surface of the agar by use of
the streak dilution technique. The inoculated Petri
plates were incubated* at 28°C. Fungal colonies on in-
cubated plates were enumerated 24, 72, and 120 hours
after onset of incubation.

In addition, a limited number of goats were used 10
quantify the number of fungal CFUs from consolidated
lung lesions, Ten necropsied goats (3 in group 2, 3 in
group 3, 2 in group 4, and 2 in group 5) were selected,
and a weighed sample (1 g)* from a major consolidated
lung lesion was aseptically collected from each animal.
The lesion sample was ground in a tissue grinder,*" and
a sceries of 10-fold dilutions were made in triplicate. A
0.1-mL aliquot [rom cach dilution was plated onto a
Petri plate of malt extract agar 1o determine the number
of lungal CFUs per gram.

Tissuc samples from all 6 lung lobes of cach goat
were imimediately placed in neutral-buffered 10% for-
malin.>* The tissues were processed and stained*” with
H&E" and Gomoris methenamine silver stain.™

Statistical analysis—Mean values for measured
variables were cowpared by use of an ANOVA . Mcan
values for rectal temperature and total WBC counts
were compared hetween treatment and control groups
throughout the study and within collection periods

for specific siudy days. Geometric means (natural log-
arithms) were determined for serum antibody titers.
Significant differences between mean values were deter-
mined by the use of the Bonferroni and Dunnett adjust-
ed paired t test, which allowed pairwise comparisons of
means between groups within any day of sample col-
lection. For all assessments, a value of P < 0.05 was
considered significant.

Results

Total and viable spore counts—For each exposure
of the 2 fungi, mean counts of cultured viable spores
were subtracted from the mean counts of total spores
to determine the mean number of nonviable spores.
The mean value for each 30-mL spore suspension of
the same spore type was calculated for all treatments,
and the mean values for each goat per group were used
1o calculate the overall mean + SEM total spore counts,
mean viable spore counts, and mean nonviable spore
counts for each fungal type per 30-mL dose. For M ra-
mosissimus, the mean + SEM spores/30-mL dose for the
5 inoculations was 2.91 X 10'® + 1.55 X 10°, which in-
cluded 7.04 X 10* £ 1.61 X 10 viable spores and 2.84
X 10" + 1.46 X 10° nonviable spores. For T viride, the
mean + SEM spores/30-mL dose for the 5 inoculations
was 1.48 X 10" = 2.59 X 10'°, which included 1.98 X
10° + 7.05 X 10% viable spores and 1.46 X 10'* + 2.61 X
10* nonviable spores.

Characterization of feedyard dust on the basis of
size distribution—Four histograms representing the
size of the dust particles were extremely similar (data
not shown). The mean + SD particle diameter was
< 7.72 £ 0.69 pm, and each histogram indicated a bi-
phasic pattern. The first phase contained particlés < 1
pum in diameter, and the second phase contained par-
ticles < 10 pm in diameter with a rapid cutoff (skewed
1o the left).

Aerosolized dust in the tent—The mean + SEM
quantity of dust collected in the Petri plates after seven
4-hour dust exposures was indicative of 25.3 + 2.08
g/m* of settled dust [rom the tent air. The mean total
dust collected by the cyclone device over seven 4-hour
dust exposures was 2.34 + 0.007 g/m’.

Endotoxin effects of dust on goats—In the 18
goats that were exposed to dust inhalation, the first
dust exposure induced a significant (P £ 0.001) in-
crease in mean + SEM rectal temperature after 4 (39.24
+0.08°C), 8 (39.41 £ 0.09°C), and 12 (39.42 + 0.06°C)
hours, compared with the value at 0 hours (38.67 +
0.06°C); at 24 and 72 hours, mean rectal temperature
did not differ from O hours. The mean + SEM overall
WBC count was significantly (P < 0.001) greater for
groups 2 and 3 (19,422 + 418 cells/ul), compared with
the overall value for groups 4 and 5 (17,404 + 365 cells/
pL); there was no signilicant difference in WBC count
between sexes. Nevertheless, among goats in groups 2
and 3, there was a gradual increase in mean total WBC
count following the first dust treatment from 0 hours
(19,064 = 908 cells/uL) through 4 hours (19,825 +
087 cells/uL) and 8 hours (22,019 + 830 cells/uL) fol-
lowed by decreases at 12 hours (19,703 £ 936 cells/ul),
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24 hours (18,346 = 1,069 cells/ul), and 72 hours
(17,556 + 1,184 cells/uL). The increase in WBC count
for groups 2 and 3 initially was caused by the endotoxin
in the dust.

Overall effects on goats—Mean average daily gains
in the tent and pen control groups were not significantly
different and values were not significantly different be-
tween M ramosissimus-inoculated groups 2 and 4; also,
values were not significanly different between T viridc-
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Figure 1—Mean + SEM rectal temperature of goats* before (0
hours) and at intervals after intratracheal inoculation with Mucor
ramosissimus spores, Trichoderma viride spores, or saline {0.9%
NaCl) solution and exposure: or nonexposure to feedyard dust.
Depending on treatment group allocation, goats were (or were
not) exposed to aerosolized sterile dust for 4 hours followed by
intratracheal inoculation with 30 mL of a fungal spore preparation
or saline solution; datum points are the mean values calculated
from 5 dust exposures and fungal inoculations for each group.
Treatment group data were combined for comparison of rectal
temperatures in goats that underwent M ramosissimus inocu-
lation {with or without dust exposure; n = 12; white squares),
goats that underwent T viride inoculation (with or without dust
exposure; 12; white triangles), and goats that underwent saline
solution inoculation with dust exposure or no inoculation and no
dust exposure {12; black circles; A} and for comparison of values
in goats that were (18; black diamonds) and were not {18; white
diamonds) exposed to feedyard dust (B}). *Seven goats died or
were euthanatized during the experiment; the deaths occuired
between days 18 and 62, and the consolidated lung lesions in
these animals were included with those in animals that com-
pieted the study on day 68. Of those goats that died during the
study, 3 were T viride inoculated and exposed to dust (2 deaths
occurred on day 18, and 1 death occurred on day 45}, 2 were
M ramosissimus inoculated and exposed to dust (deaths oc-
curred on days 32 and 45}, and 2 were M ramosissimus inocu-
lated and not exposed to dust (deaths occurred on days 49 and
62). tValue is significantly (P = 0.05) different from the value at
0 hours (Dunnett t test). ? “At a specific time point, values with
different letters are significantly (P < 0.05) different (Bonferroni
pairwise comparison).

inoculated groups 3 and 5. Therefore, those values were
combined into 3 respective groups {or analysis. The av-
erage daily gain was significantly (P < 0.001) different
among the combined groups; the combined value for
the T viride-inoculated groups (0.07 kg/d) was greater
than the combined value for the M ramosissimus—inocu-
lated groups (~0.07 kg/d) but was not different from the
combined control group value (0.10 kg/d).

Seven goats died during the study, of which 2 were
in group 2 (deaths on days 32 and 45), 3 were in group
3 (deaths on days 18, 18, and 45), and 2 were in group
4 (deaths on days 49 and 62). One goat in group 2 was
cuthanatized on day 32, and 2 goats in group 4 were
found dead on days 49 and 62. Four goats did not re-
cover from anesthesia (3 goats in group 3 on days 18,
18, and 45 and 1 goat in group 4 on day 49).

Responses to dust exposure and intratracheal
spore inoculations—Goats responded calmly to the
five 4-hour dust exposures. Goats were covered with
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Figure 2—Mean + SEM total WBC count in goats* before (day
0) and at days 19, 33, 47, 60 and 67 in a study of the effects of
multiple intratracheal inoculations with M ramosissimus spores,
T viride spores, or saline {0.9% NaCl) sojution and exposures or
nonexposures to feedyard dust. Dust exposures were performed
on days -7 0, 17 31, 45, 58, and 67 and fungal inoculations were
performed on days 0, 17 31, 45, and 58. Treatment group data
were combined for comparison of total WBC counts in goats that
underwent M ramosissimus inoculation (with or without dust ex-
posure; n = 12; white squares), goats that underwent T viride
inoculation (with or without dust exposure; 12; white triangles),
and goats that underwent saline solution inoculation with dust
exposure or no inoculation and no dust exposure {12; black cir-
cles; A) and for comparison of values in goats that were (18; black
diamonds) and were not (18; white diamonds) exposed to feed-
yard dust {B). See Figure 1 for remainder of key.
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dust when they were removed from the tent after a 4-
hour exposure. The internal nares were covered with
dust, which became moistened by vapor from respira-
tion. Intermittent coughing was evident after the goats
were removed from the tent.

From data collected after each of 5 fungal or sa-
line solution inoculations, mean rectal temperature
in the M ramosissimus—inoculated, T viride—inocu-
lated, and controf groups (like treatments combined)
dilfered significantly (P < 0.001) during the 3-day
period following fungal inoculations (Figure 1). As-
sessment {Bonfcrroni ¢ test) of mean rectal tempera-
ture values for the entire 3-day period after fungal
or saline solution inoculations indicated that goats
in the M ramosissimus—inoculated groups (groups 2
and 4; n = 12) had the highest overall mean rectal
temperature (39.5 + 0.05°C) and that goats in the
control groups (groups 1 and 6; 12) had the lowest
overall mean rectal 1emperature (38.6 = 0.03°C).
Overall mean rectal temperature in the T viride~in-
oculated groups (groups 3 and 5; 12) was 39.1 =
0.04°C. Rectal temperatures in male (n = 18) and [e-
male (18) goats did not differ significantly. Results of
the Bonferroni paired t test indicated no significant
differences in mean rectal temperature between the
control groups (groups 1 and 6), between the M ra-
mosissimus—inoculated groups with or without dust
exposure (groups 2 and 4, respectively), or between
the T viride—inoculated groups with or without dust
exposure (groups 3 and 5, respectively) at any time
point. The Dunnett paired t test revealed that the
mean rectal temperature for the pen control group
was significantly (P £ 0.05) less than the value for
atl other treatiment groups at 4 hours after intra-
tracheal inoculations. For the pen control group,
there were also significant (P < 0.001) differences
among the time points at which the measurements
were made; the lowest value was recorded at 0 hours

(38.6 = 0.03°C). the highest value was recorded at
4 hours (39.2 + 0.05°C), and intermediate values
were recorded at 24, 48, and 72 hours.

With regard to mean rectal temperature, significant
group or pen differences were detected. Among the 6
groups, the lowest mean rectal temperatures were re-
corded for control groups 1 and 6 and the highest mean
rectal temperatures were recorded for the M ramosis-
simus-inoculated groups with or without dust exposure
(groups 2 and 4, respectively). The T viride-inoculated
groups with or without dust exposure (groups 3 and 5,
respectively) had intermediate values.

With regard to mean WBC counts, significant
group or pen differences were detected. Mean WBC
counts were highest for groups 1 and 4, and values were
lowest for group 5. Mean WBC counts for groups 3, 5,
and 6 were significantly lower than findings for groups
1 and 4. Mean WBC count for group 2 (the M ramosis-
simus~inoculated group with dust exposure) was not
different from the value for the tent control group or
the M ramosissimus—inoculated group without dust ex-
posure {groups 1 and 4, respectively).

The overall mean total WBC count was signifi-
cantly (P < 0.004) higher in the dust-exposed groups
(19,752 = 754 cells/uL), compared with nonexposed
groups (17,181 = 707 cells/uL) and significantly (P <
0.026) different among time points. Prior to the first
dust exposure and fungal or saline solution inocula-
tion, mean WBC count in all 6 groups was (18,290
+ 625 cells/ul). The WBC count following the third
dust exposure and fungal or saline solution inocula-
tion (20.896 + 2,261 cells/uL) was the highest, and the
value following the fourth dust exposure and fungal or
saline solution inoculation (16,044 + 844 cells/uL) was
the lowest. Intermediate values were detected following
the first, second, and fifth dust exposures and fuhgal
or saline solution inoculations. By use of the Dunnett
paired ¢ test, a significant (P £ 0.05) dilference in mean

Table 1-~Mean + SEM size {(mm’) of consolidated lesions in groups* of 6 goats' that underwent mul-
tiple intratracheal inoculations with Mucor ramosissimus spores, Trichoderma viride spores, or saline
{0.9% NaCl) solution and were or were not exposed to feedyard dust.

Group
Lung lobe 1 2 3 4 5 6
Right
Cranial 0 100,802 + 41,486 7,194 + 3,210 82,667 + 19,343 24,626 = 14,188 0
Middle 0 28,151 + 9,074 3270 = 2175 37,391 = 8,491 25,843 -+ 6,308 0
Caudal 0 177,063 + 60,332 1679 = 1679 121,460 = 21,210 14,482 + 6,310 0
Left
Cranial 0 13,859 = 7,100 4,800 > 1,916 33,930 = 13,347 125 * 125 0
Middle 0 25,666 *+ 5,862 7,645 * 1,829 43411 + 18,346 9,203 > 4,288 0
Caudal 0 71,543 = 24,272 4,092 + 4,092 86,600 + 9,815 6,240 = 6,240 0

Values represent total mean size {mm? fwidth X length X thickness]) of consolidated lesions in each group.
Depending on treatment group allocation, goats were (or were not) exposed to aerosolized sterile dust for 4
hcurs followed by intratracheal inoculation with 30 mL of a fungal spore preparation or saline solution; there
were 7 dust exposures and 5 fungal or saline solution inoculations. *Group treatments were as follows: group
1, tent control group (dust exposure and saline solution inoculation); group 2, M ramosissimus inoculation and
dust exposure; group 3, 7 viride inoculation and dust exposure; group 4, M ramosissimus inoculation and no
dust exposure; group 5, T viride inoculation and no dust exposure; and group 6, pen control group (no inocula-
tion and no dust exposure). tThere were 7 goats that died or were euthanatized during the experiment; the
deaths occurred between days 18 and 62, and the consolidated lung lesions in these animals were included
with those in animals that completed the study on day 68. Of those goats that died earlier in the study, 3were
in group 3 (2 deaths occurred on day 18, and 1 death occurred on day 45), 2 were in group 2 {deaths occurred
on days 32 and 45), and 2 were in group 4 (deaths occurred on days 49 and 62).
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Table 2—Mean + SEM size {mm’) of atelectatic lesions in groups* ot 6 goats' that underwent multiple
intratracheal inoculations with M ramosissimus spores, T viride spores, or saline solution and were or

were not exposed to feedyard dust.

Group
Lung lobe 1 2 3 4 5 6
Right
Cranial 884 + 557 782 = 782 0 0 132 = 86 138 + 91
Middle 291 x 182 483 + 488 152 = 118 0 49 > 43 17+13
Caudal 8=+8 0 60 + 60 0 88 + 88 0
Left
Cranial 88 89 = 89 125 = 81 0 400 > 381 1+1
Middle 115 = 51 0 0 0 LR 4x4
Caudal 9+9 0 K ay) 0 934 + 788 0

Values represent total mean size (mm? [length X width]) of atelectatic lesions in each group. Seven goats
died or were euthanatized during the study, and the data for these animals were included with those from

animals that completed the study on day 68.
See Table 1 for key.

total WBC count was identified between the M ramosis-
simus—inoculated groups (21,869 + 1,397 cells/ul) and
the T viride—inoculated groups (14,320 + 940 cells/ul);
however. the value for the control groups (18,778 + 616
cells/uL) was not diflerent from that of the T viride~in-
oculated groups (Figure 2).

Consolidated lesions were confined to the M ra-
mosissimus—inoculated and T viride-inoculated goats
(Table 1). Mild atelectasis was evident in most groups,
including the control groups (Table 2). The overall
mean extent ol consolidated lesions for both lungs
in the M ramosissimus~inoculated groups was signifi-
cantly (P < 0.001) higher (59,321 mm’) than that of
the control groups (0 mm®). The overall mean extent of
consolidated lesions for both lungs in the T viride—in-
oculated groups (7,800 mm?®) was not significantly (P £
0.06) different than that of the control groups because
of the high degree of variability in the sizes of the le-
sions. The mean extent ol consolidated lesions located
in the different lobes of the lungs were compared; the
value for all lobes of the M ramosissimus—inoculated
goats (415,246 + 70,791 mm®) and the value for the
middle lobes of both lungs of the T viride—inoculated
goats (11,490 + 2,606 mm?®) were each significantly (P
<0.001; ANQVA) larger than the values for all lobes (0
mm’) and the middle lobes ol both lungs (0 mm’) of
the control goats.

The ventral portion of the lungs was affected most
in the goats that were exposed to dust and inoculated
with lungal spores; this finding was most notable in the
goals that were exposed 10 dust and inoculated with
M vamosissimus. The lesions induced by inoculation
with M ramosissimus were more severe and were hard,
uniform, and consolidated, compared with lesions in
goats that were inoculated with T viridc. The lesions
obscrved in the T viride—inoculated goats were larger
and softer than those in M rdmosissimus—inoculated
goats. However, 3 of the T viride-inoculated goats had
notably small lesions.

For spore-treated goats, the total combined ex-
tent of consolidated lesions of the right lung were sig-
nificantly (P = 0.006) greater than the extent of those
found in the Ich lung (26,357 + 4,934 mm’® vs 17,062 +
3,084 mm*). The total combined extent of consolidated
lesions in both lungs ol spore-treated goats (compared
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Figure 3—Geometric mean IgG ELISA antifungal antibody &iter
in goats* before (day 0) and at days 7 18, 32, 46, and 58 in a
study of the effects of multiple intratracheal inoculations with M
ramosissimus spores, T viride spores, or saline (0.9% NaCl) solu-
tion and exposures or nonexposures to feedyard dust. Dust ex-
posures were performed on days -7 0, 17 31, 45, 58, and 67, and
fungal inoculations were performed on days 0, 17, 31, 45, and 58.
Treatment group data were combined for comparison of geometric
mean titers in goats that underwent M ramosissimus inoculation
{with or without dust exposure; n = 12; black circles} and goats that
underwent T vinide inoculation (with or without dust exposure; 12;
white circles). See Figure 1 for remainder of key.

by lobe) was 40,263 + 8,661 mm’ in the caudal lobes,
22,334 + 5495 mm? in the cranial lobes, and 15,048 +
2,608 mm? in the middle lobes.

Histologic examination of lung tissue from spore-
treated goats revealed patchy to coalescing alveolar and
airway exudation of fibrin, neutrophils, and macro-
phages. Fibrosis with formation of multiple granulomas
involving Langhans-type muliinucleate giant cells was
evident. Degenerative fungal forms (including rudi-
menlary germ-tube formation from spores) were pres-
ent in some granuloma nidi. By use ol modificd Gomori
methenamine silver stain, fungal spores but no hyphae
were detected in all sections of lung tissue examined.
Multifocal mineralization was present in some of the
granulomas of the M ramosissimus—inoculated goats.
Also, there was an increase in the amount of [ibrosis
in the lungs of the M ramosissimus—inoculated goats,
compared with findings in the lungs of the T viride—in-
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lable 3—Fungal isolates cultured from various tissues obtained from groups * of 6 goats' that underwent
multiple intratracheal inoculations with M ramosissimus spores, T viride spores, or saline solution and

were or were not exposed to feedyard dust.

Group
Specimen 1 2 3 4 5 6
Mesenteric lymph node 0 1{M) 6(T) 0{M) 6(T) 0
Thoracic cavity fluid 0 0({M) 3m 0 (M) 0(T} 0
Trachea .
Proximal portion 1{P), V(M) 5({M) 6(T) 4{M) 3(T), 1(M) 0
Distal portion 0 4(M) 6(T) 3(M) 4T 0
Bronchus . 0 5 (M) 4(T) 3(M) 3m 0
Lung lobe
Left
Cranial 0 6 (M} 2(T) 3(M) 1{T) 0
Middle 0 4 (M) 2{m 5(M) 5(T) 0
Caudal 0 6 (M) 4(T) 4(M) 2(T) 0
Right
Cranial 0 5(M) 6(T) 3(M) 5(T) 0
Middle 0 5{M)} 5(T) 3(M) 6(T) 0
Caudal 0 6(M) 3(T) 3(M) 6(T) 0
Liver 0 1(M) 3(T) 1{M) 0(T) 0
Spleen 0 0{M) 2{T) 0{M) 0T 0
Kidney 0 0(M) 0(T) 0(M) om 0

Samples were obtained 24 hours after the last exposure to aerosolized sterile feedyard dust and 10 days -
following the last intratracheal inoculation with fungal spore suspension or saline solution. Values indicate
the number of goats for which culture results were positive for a specific fungus; the letter in parentheses -
indicates the type of fungus isolated (M = M ramosissimus. T = T viride. P = Penicillin contaminant). Seven
goats died or were euthanatized during the study, and the data for these animals were included with those

from animals that completed the study on day 68.
SeeTable 1 for key.

oculated goats. Among the 4 spore-treated groups, no
histologically distinctive lung changes were identified
between goats that were exposed to dust and those
that were not exposed to dust. Gomori methenamine
silver stain—positive material of unknown origin was
frequently present in macrophages in all lymph nodes
examined. Patchy atelectasis was seen in some sections
ol lung tissue from the goats in control groups 1 and 6.
No fungal spores were detected in any tissues collected
from the control goats, and no Gomori methenamine
silver stain—positive macrophages were identified in any
lymph nodes cxamined. No histologically distinctive
lung changes were identified between goats in the tent
control group that underwent dust cxposure and saline
solution inoculation and those in the pen control group
that were not exposed 10 dust and not inoculated.

Tube agglutination titers of antibody against
equine RBCs—With regard to geomeltric mean agglu-
tinating antibody titer responses, there were no signifi-
cant differences among the goat groups. However, there
were significant differences (P < 0.001) among time
points; compared with the geometric mean titer on day
0 (0 £ 0), the value was increased at day 6 (4.29 + 0.19)
and day 21 (5.25 + 0.15) with a subsequent decrease on
day 27 (4.49 = 0.15).

Agglutinating antifungal antibody titers—We
were unable 1o detect agglutinating antibodies against
spores of M ramosissimus. Agglutinating antibodies
against T viride spores wcere detected in sera collected
on day 0; however, these titers did not exceed a 1:16 di-
lution. Goats that underwent intratracheal inoculation
with T viride developed agglutination titers of 1:1,024.
The geometric mean agglutinating antifungal antibody
titer among the T viride—inoculated goats was signili-

cantly (P < 0.001) larger than that of the control goats
(4.91.+ 0.29 vs 2.54 = 0.08). Values in dust-exposed
and nonexposed goats did not differ significantly. The
geometric mean antifungal antibody titers at days 24,
38, 52, and 65 (3.55 £ 0.26, 4.11 + 0.41, 3.88 = 0.44,
and 4.17 + 0.49, respectively) differed significantly (P <
0.001) from the value at day 0 (2.33 £ 0.21). ’

Fungus-induced IgG antibody—The overall geo-
metric mean IgG antibody response for groups 2 and 4
(goats that underwent M ramosissimus inoculation with
and without dust exposure) was significantly higher
than the response {or groups 3 and 5 (goats that under-
went T viride inoculation with and without dust expo-
sure; 3.066 + 0.65 and 1.33 + 0.35, respectively). The
geometric mean IgG antibody titer among the M ramo-
sissimus—inoculated goats was significantly greater than
the value among the T viride-inoculated goats on day
24 (Figure 3). Furthermore, the gcometric mean 1gG
antibody titer among the M ramosissimus—inoculated
goats was significantly greater than the value at day 0
on days 24, 38, and 52.

Precipitating antibodies—After 24 hours of in-
cubation of the M ramosissimus—specific Ouchterlony
immunodiffusion plates, 2 sharply defined immunopre-
cipitating (antigen-antibody complex) lincs developed
between the center well comaining the M ramosissimus
antigens and the outer wells that contained the goat
M ramosissimus antisera collected on days 24, 38, 52,
and 65. No immunoprecipitin lines developed with se-
rum collected on day O from any of the goats. On plates
containing T viride antisera collected on the same days
and sonicated T viride antigen, similar immunopre-
cipitin patterns developed. No immunoprecipitin lines
developed when sera collected from the tent or pen
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control goats on the same days were evaluated against
either fungal antigen (data not shown).

Fungal isolations from the respiratory tract and
organ tissues—Mucor ramosissimus and T viride were
isolated from various specimens collected [rom goats
in the study groups (Table 3). The numbers of fungal
CFUs derived from consolidated lung tissue were deter-
mined. [n groups 2 and 3 (goats that underwent fungal
inoculation with dust exposure), there was 8.03 X 107
+ 2.78 X 10’ CFUs/g of lung lesions, which was signifi-
cantly (P < 0.001) greater than the Yalue in groups 4
and 5 (goats that underwent fungal inoculation without
dust exposure; 1.16 X 10* + 2.15 X 10* CFUs/g of lung
lesions). The number of fungal CFUs derived from con-
solidated lung tissue in the T viride—inoculated goats
(5.55 X 10" £ 4.13 X 10° CFUs/g of lung lesions) was
not significantly (P < 0.06) different from the value in
the M ramosissimus—inoculated goats (5.01 X 10’ + 3.76
X 10> CFUs/g of lung lesions).

Discussion

In the present study, the goats developed a typical
endotoxin-induced inflammatory response following
the initial sterile fine dust exposure; this exposure was
performed prior to fungal inoculations, thereby elimi-
nating any confounding effect of fungal treatment on
rectal temperature and total WBC count. Compared
with the value before dust exposure, a significant in-
crease in rectal temperature was detected at 4, 8, and 12
hours. The mean overall WBC count for the 18 goats
that were exposed to dust was significantly increased,
compared with the count for the 18 goats that were not
exposed to dust. This increase in rectal temperature and
total WBC count was previously observed in goats' and
sheep'’ after exposure to coarse sterile dust® and coarse
nonsterilized dust. Endotoxin is relatively resistant to
autoclave temperatures applied for 15 minutes because
only approximately half of the initial endotoxin con-
centration was destroyed under the conditions of the
present study.

Systemic fungal diseases can be divided into 2
groups: diseases that develop only in immunocompro-
mised individuals (group 1) and those that develop in
previously healthy individuals (group 2). Discases in
group 1 include systemic candidiasis, pncumocystosis,
aspergillosis, and mucormycosis; diseases in group 2
include paracoccidioidomycosis, coccidioidomycosis,
histoplasmosis, blastomycosis, and cryptococcosis. All
ol these diseases have the capacity for lung involvement.
The discases in group 1 have worldwide distributions,
whereas the diseases in group 2 are typically associated
with specilic geographic locations. Celtular immunity
is a critical component ol a body’s ability 10 prevent
development of the diseases in both groups 1 and 2.
As long as an individuals cellular immunity remains
highly competent, it is unlikely (except in diseases like
histoplasmosis and blastomycosis) that the aforemen-
tioned fungal lung infections would develop. Neverthe-
less, such fungal diseases do develop, and many ol the
rcasons why are unknown.? In the present study, one
of the fungi from group 1, M ramosissimus, was uscd
and was capable ol causing pathologic processes in im-

munocompetent goats. The inhalation ol fine dust may
have been a contributing factor in progression of those
pathologic processes.

As is typical of inhalation pneumonia, the ventral
portion of each lung in the goats of the present siudy
was primarily alfected. In our study and previous ex-
periments® this distribution was most noticeable in
the M ramosissimus—inoculated goats. Progression of
the lesions appeared to extend from the middle and
cranial lobes into the caudal lobe.® The M ramosissi-
mus—inoculated and T viride—inoculated goats that were
exposed to feedyard dust appeared to be more severely
affected early in the study period, compared with the
M ramosissimus—inoculated and T viride-inoculaled
goats that were not exposed to feedyard dust; however,
that dilference disappcared with time. As the extent of
the consolidated lesions increased, there was a greater
risk of anesthesia-associated death; therefore, the doses
of both butorphanol and ketamine were decreased by
a fourth.

Atelectatic lesions in the lungs of the goats were of
interest because the tent control group (which was ex-
posed to dust) had larger atelectatic lesions of the right
cranial lung lobe (884 + 557 mm?), compared with le-
sions in that lung region of goats that were M ramo-
sissimus inoculated but not exposed to dust (group 4;
0 mm?), those that were T viride inoculated but not ex-
posed to dust (group 5; 132 + 86 mm?), and those that
were not inoculated and not exposed to dust (pen con-
trol group; 138 + 91 mm?). The goats were assigned to
their study group via random number selection. The at-
electatic lesions did not occur by chance in the various
groups, and it appears that those lesions developed, at
least in part, because of the dust exposure. The goats of
group 5 (those that underwent T viride inoculation and
no dust exposure) had rather large atelectatic lesions
(400 + 381 mm?). One could argue that the atelectatic
lesions were present prior to the dust exposures, but
again, this appears unlikely because of the distribution
of atelectatic lesions. During periods of dust exposure,
groups of goats that were not to be exposed to dust
were moved to an outside pen as far away from the dust
exposure area as possible to avoid cross contamination
of dust particles.

1t is interesting that both M ramosissimus and
T viride were not killed by the goats’ immune systems
for 10 days following the final (fifth) intratracheal
fungal inoculations. The viable spores were present in
the consolidated lesions in great numbers: 5.55 X 10
spores/g of tissue for T viride and 5.01 X 10° spores/g of
tissue for M ramosissimus. Nevertheless, the body de-
fenses appeared to prevent these viable spores from ger-
minating because no hyphae were detected in the lung
tissues via histologic examination. On rare occasions,
rudimentary germ-tube formation from spores in the
lissues of these immunocompetent goats was detected.
Spores were quantified in 1 g of lung lesion tissue from
10 goats, and significantly more spores were cultured
romn 5 dust-exposed goats, compared with the num-
ber culured from 5 nonexposed goats. This appears
to indicate that feedyard dust does have an effect on
the immune-mediated destruction of the spores, per-
haps prior 1o their cntrapment in a consolidated lesion.
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The spores did not develop hyphac; therefore, the pres-
ence of signilicantly more spores in lung lesion tissue
ol the dust-exposed goats, compared with the number
ol spores in nonexposed goats, is indicative ol immune
svstem suppression. However, there were no signifi-
cant dilferences in agglutinating antibody titers against
cquine RBCs between the control groups and the spore-
treated groups (those that were or were not exposed o
dust). There was no significant difference in agglutinat-
ing antibody titers between T viride—inoculated goats
that were or were not exposed to dust and no signifi-
cant dilference in ELISA 1gG antifungal titers between
the M ramosissimus—inoculated goats that were or were
not exposed to dust. However, the M ramosissimus—in-
oculated goats had significantly higher ELISA geomet-
ric mcan titers, compared with the T viride—inoculated
goats. We were unable to detect anti-M ramosissimus
agglutinating antibodies in sera collected from goats of
the present study.

In M ramosissimus—inoculated and T viride—inocu-
lated goats that were or were not exposed to feedyard
dust, genus-specific precipitating antibody was induced
lollowing multiple intratracheal fungal exposures, and
no cross-reactive antifungal antibodies were detected.
We were surprised that no M ramosissimus— or T viride-
inoculated goats had precipitating antibodies against
these common feedvard fungi on day 0. Also, none of
the control goats (tent and pen control groups) had any
cross-reactive precipitating antibodies against cither
lungus. The goats cxposed to M ramosissimus or T viride
appeared to be immunocompetent on the basis of their
ability to synthesize hcmagglutinating, agglutinating,
and precipitating antibodies, similar to those detected
in goats that were not inoculated with a fungus.

In the present study, M ramosissimus induced more
severe and uniform lesions (hard, consolidated lesions)
in the lungs of inoculated goats than did T viride, which
induced large, softer consolidated lesions and smaller le-
sions in 3 goats. Trichoderma viride appeared to be more
variable in its pathogenicity from goat to goat; how-
ever, that fungus appeared 1o be more invasive within
the thoracic lymphatic system on the basis of thoracic
lvmph node isolation data. This variability between
M ramosissimus and T viride isolation from the lymph
nodes may be in part a consequence of the smaller
spore size of T viride, or ather unknown immunologic
factors. There may also be different pathogenic routes
by which these 2 fungal agents induce lesions. Among
the goat groups in the present study, there appeared to
be no difference in tnduced antibody synthesis. 1t is
interesting that the goats inoculated with spores and
exposed 1o dust had significantly more fungal spores
per gram ol consolidated lung lesion than goats that
were inoculated with spores and not exposed 1o dust.
his phenomenon occurred with both genera ol fungi
used. Lung macrophages may engulf and become (illed
with fine dust, thereby making them less effective at
engalfing and inactivating the spores of either fungus.
We have investigated this phenomenon belore; we have
examined the effects of acrosolized coarse dust particles
(stze range. 0.89 g 10 335.6 Ly, mean, 100.03 ym) on
lung clearance of Pasteurella multocida and Mannheimia
hacmolviica in goats. ™ The objective of that study was

to determine whether the inhalation of large quantities
of feedyard dust predisposed goats to pulmonary bac-
terial prolileration; the results indicated that the pul-
monary clearance of 2 potential bacterial pathogens in
dust-cxposed goats was not significantly different from
that in goats that were not exposed to dust.’ Howev-
er, pulmonary clearance of fine particulates is a great
deal slower than clearance of coarse particles.*? Also,
in rat lung macrophages, it has been shown that there
is a lengthened inflammatory response with enhanced
chemotactic substance release and production of pro-
inflammatory cytokines associated with fine particle
inhalation.”* These phenomena could then allow fungal
spores to avoid phagocytosis. In the present study, the
mean + SD particle diameter of the dust inhaled by the
goats was < 7.72 = 0.69 pm, and the spore-treated goats
had significantly more spores per gram of consolidated
lung lesion tissue than did the spore-treated goats that
were not exposed to dust.
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Atropine sulfate LA (15 mg/mL), Neogen Corp, Lexington, Ky.
Butorphanot tarirate (10 mg/mL), Fort Dodge Animal Health,
Fort Dodge, lowa.

Ketamine HC (100 mg/mL), Fort Dodge Animal Health, Fort
Dodge, lowa.

Custom-fabricated speculum made of polyvinylchloride pipe
(2.7 X 20 c¢m) fitted with a clip pen light, Agricultural Research
Laboratory, USDA, Bushland, Tex.

Falcon plastic 0.1-mL pipettes, Becton, Dickinson & Co, Frank-
lin Lakes, NJ.

Rectal thermometer, hi-speed digital rechargeable, GLA, San
Luis Obispo, Calif.

EDTA, Sigma Chemical Co, St Louis, Mo.

Unopette dilution chambers No. 365856 for WBC determiga-
tion by manual methods, Becton, Dickinson & Co. Franklin
Lakes, NJ.

Beuthanasia-D Special, Schering-Plough Animal Health, Union,
NJ.

Custom-fabricated walk-in environmental incubator, Agricul-
tural Research Lahoratory, USDA, Bushland, Tex.

Sartorius top-loading balance 1409 MP8. Brinkmann Instru-
ments Co, Westbury, NY.

Tenbroeck all-glass grinder, Kimble/Kontes, Vineland, NJ.
Formaldehyde (37 wi% solution in water), ACS Reagent, Al-
drich, Milwaukee, Wis.

H&E stain, Sigma Chemical Co, St Louis, Mo.

Gomori methenamine silver stain, Sigma Chemical Co, St Lou-
is, Mo.

References

1.

6.

9.

10.

Cleland WL. Air quality. In: Air quality control handbook. New
York: E. Roberts Alley & Assoc Inc, McGraw-Hill Book Co,
1998;11.3-11.13.

Lloyd AC. Draft proposal to establish a 24 h standard for PM, .
In: Review of the California ambient air quality standards for par-
ticulate matter and sulfates. Sacramento, Calif: California Envi-
ronmental Protection Agency, Office of Environmental Health
Hazard Assessment, 2002;1-9.

Blodgett JE, Parker LB, McCarthy JE. Air quality: EPAS proposed
new Ozone and Particulate Matter Standards, Environment and
Natural Resources Division. Cdngressional Research Service re-
port for Congress. Washington, DC: Environmental Protection
Ageuncy, 1997,

MacVean DW, Franzen DK, Keefe T), et al. Airborne particle con-
centration and meteorologic conditions associated with pneumo-
nia incidence in feedlot cattle. Am J Vet Res 1986;47:2676-2682.
Dockery DW, Pope CA, Xu X. ct al. An association between
air pollution and mortality in six US cities. N Engl J] Med
1993;329:1753-1759.

Dominici I, Samet J, Zeger S. Combining evidence on air pollu-
tion and daily mortality from the twenty largest US cities: a hi-
crarchical modeling strategy. J R Stat Soc [Ser A] 2000:163:263—
302.

Samet JM, Dominici E Curriero FC, et al. Fine particulate air’

pollution and mortality in 20 US cities, 1987-1994. N Engl |
Med 2000:343:1742-1749.

Purdy CW, Layton RC, Straus DC, ct al. Virulence of fungal
spores determined by tracheal inoculation of goats following
inhalation of acrosolized sterile feedyard dust. Am J Vet Res
2005;66:615-622.

Nemmar A, Hoylaerts MF, Hoet PHM, et al. Ultrafine particles
affect experimental thrombosis in an in vivo hamster model. Am

J Respir Crit Care Med 2002:166:998-1004.

Godleski ], Verrier Ri., Koutrakis P, et al. Mechanisms of mor-

15.

16.

18.

19.

23.

24,

26.

27.

28.

29.

31

32.

33

bidity and mortality from exposure to ambient air particles. Res
Rep Health Eff Inst 2000:91:5-88.

Burrell R. lImmunomodulation by bacterial endotoxin. Crit Rev
Microbiol 1990;17:189-208.

Purdy CW, Straus DC, Chirase N, et al. Effects of aerosolized
endotoxin in feedyard dust on weanling goats. Small Rumin Res
2002:46:133-147.

Purdy CW, Straus DC, Chirase N, et al. Effects of acrosolized
feedyard dust that contains natural endotoxins on adult sheep.
Am J Vet Res 2002;63:28-35.

Purdy CW, Straus DC, Parker DB, et al. Treatment ol feedyard
dust containing endofoxin and its effect on weanling goats.
Small Rumin Res 2002:46:123-132.

Luderitz O, Glaanos C, Lchmann V, et al. Chemical structure
and biological activities of lipid As from various bacterial fami-
lies. Naturwissenschaften 1978.65:578-585.

McGarvey JA, Miller WG, Sanchez S, et al. ldentification of bac-
terial populations in dairy wastewaters by use of 165 rRNA gene
sequences and other genetic markers. Appl Environ Microbiol
2004:70:4267-4275.

Morgan }, Wannemuchler KA, Marr KA, et al. Incidence of inva-
sive aspergillosis following hematopoietic stem cell and solid or-
gan transplantation: interim results of a prospective multicenter
surveillance program. Med Mycol 2005;43(suppl 1):549-558.
Saab S, Shpaner A, Zhao Y, et al. Prevalence and risk factors for
diabetes mellitus in moderate term survivors of liver transplan-
tation. Am | Transplam 2006:6:1890-1895.

Chopra H, Dua K, Mathotra V, et al. Invasive fungal sinusitis of
isolated sphenoid sinus in immunocompetent subjects. Mycoses
2006:49:30-36.

Scharf JL, Soliman AM. Chronic rhizopus invasive fungal
rhinosinusitis in an immunocompentent host. Laryngoscope
2004:114:1533-1535.

Sridhara SR, Paragache G, Panda NK, et al. Mucormycosis in
immunocompetent individuals: an increasing trend. Otolaryn-
gol 2005;34:402-406.

Clancy CJ, Nguyen MH. ‘Acute community-acquired pneumonia
due to Aspergillus in presumably immunocompetent hosts: clues
for recognition of a rare but fatal disease. Chest 1998;114:629—
034.

Liang KP, Tieyjch IM, Wilson WR, et al. Rhino-orbitocerebral
mucormycosis caused by Apophysomyces elegans. | Clin Micro-
biol 2006;44:892-898.

Arendrup M, Horn T, Frimodt-Moller N. In vivo pathogenicity
of cight medically relevant Candida species in an animal model.
Infection 2002;30:286-291.

Carpenter PL. In vitro antigen-antibody reaction: precipitation
and agglutination. In: Carpenter PL, ed. Immunology and serol-
ogy. 3rd ed. Philadelphia: WB Saunders Co, 1975;178-225.
Campbell DH, Garvey JS, Cremer NE, et al. Methods in immunol-
ogy. New York: WA Benjamin [nc, 1964;134-139.

Shechan DC, Hrapchak BB. Microoganisms. 1n: Sheehan DC,
Hrapchak BB, eds. Theory and practice of histotechnology. 2nd ed.
St Louis: CV Mosby Co, 1980;233-251.

SAS user’s guide: statistics, version 6.03 edition. Cary, NC: SAS
[nstitute Inc, 1988.

Inncs JA. Lower respiratory tract. Fungal infection of the lung.
In: Farren WE, Wood MS, Innes JA, et al, eds. Infectious discascs:
text and color atlas. 2nd ed. London: Gower Medical Publishing,
1992;2.22.

Jubb VFE Kennedy C, Palmer N. The respiratory system. In: Pa-
thology of domestic animals. Vol 2. 3rd ed. Orlando, Fla: Aca-
demic Press Inc, 1985;414-541.

Purdy CW, Straus DC, Chirase N, et al. Effects of acrosolized
dust in goats on lung clearance of Pasteurella and Mannheimia
species. Curr Microbiol 2003:46:174-179.

Ferin J, Oberdorster G, Penney DP Pulmonary retention of
ultrafine and fine particles in rats. Am J Respir Cell Mol Biol
1992:6:535-542.

Monn C, Naef R, Koller T. Reactions of macrophages exposcd to
particles < 10 pm. Environ Res 2003:91:35-41.

AJVR, Vol 69, No. 4, April 2008

51



AJVR

american journal of veterinary research

A ! Fostering global interdisciplinary cooperation
: .gz in veterinary medical research
A

April 2008 Volume 69 No. 4

Www.avma.org/ajvr




